Role of sulfhydryl groups in transfection? A case study with chitosan-NAC nanoparticles.
This study investigated the use of chitosan-N-acetylcysteine (NAC) as a non-viral gene carrier. In particular, we aimed to elucidate whether the advantage of thiolation was more pronounced in the stabilization of particles or in the effect of nonspecific sulfhydryl reduction of the target cells. Low-viscosity chitosan was modified by covalent binding of NAC. The resulting conjugate displayed 1.35 mM SH/g polymer. Particles produced via self-assembly of chitosan conjugate and pDNA had a mean particle size of 113.7 nm and a positive zeta-potential. Sulfhydryl group content on the particle surface was investigated by Ellman's test and papain reactivation assay, with the result of about 100 nM SH groups/mL nanoparticle suspension. An oxidation step was performed to stabilize polyplexes via disulfide bonds. The enhanced stability of oxidized particles against both polyanion heparin and alkaline pH was proven by a gel retardation assay. The stabilization was demonstrated to be reversible by treatment with glutathione. Further, the effect of immobilized SH groups and of supplementation with free NAC on transfection efficacy on Caco-2 cells was investigated. The expression of the transgene was raised 2.5-fold and 10-fold with nonoxidized thiomer polyplexes in comparison to polyplexes of unmodified chitosan and oxidized chitosan-NAC, respectively. The impact of sulfhydryl reduction on transfection was assessed via thiol group inactivation with 5,5'-dithiobis-(2-nitrobenzoic acid) (DNTB). This inactivation resulted in a decrease of transfection efficacy. In conclusion, chitosan-NAC conjugate was demonstrated to be beneficial for transfection, either for stabilization via disulfide bonds or for raising the expression of transgene via shifting the redox potential of the target cells.